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(S4) Apparatus and methods for completing a wellbore 



(57) Apparatus and methods tor oomplatmg a well- 
bore are discioeed. Geftain of the apparatus and meth- 
ods use a first packing assembly (202). a second pack- 
ing assembly (204). and a pressurizatkxi assembly 
(206) disposed between the first and second packing 
assemblies to plastxaOy deform a Bnar (122) in a nadial)y 
outwarddirectkjn via hydraulic pressure. Another meth- 
od usee a l^r (602) having a fim section (604) and a 
second section (G06). and a packing assamMy (600). 
The first sectkn (604) Isdafomiable Ha radially ouhMard 
direction at a lower pressure tf^ the second section 
(606). The packing assembly (600) is used to plastk^Uy 
deform the first section (604) of the liner (602) in a ladi- 
ally outward direction via hydraulic pressure. 
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DMcrlptlon 

[0001 ) Ttio present invention pertains to the comple- 
tion o( weilbores. and. more particularty. but no« by way 
of limitation, lo impioved apparatus and methods lor 
completing lateral weilbores in multilateral wells. 
[0002] Horizontal well drilling and production have be- 
come increasingly important to the oil industry in recent 
years. While horizontal wells have been known lor many 
years, only relatively recently have such weRs been de- 
termined to be a cost-eflective alternative lo convention- 
al vertical well driUlng. Although drilling a horizontal well 
usually costs more than its vertical counterpart, a hori- 
zontal well frequently rnproves production by a factor of 
nve, ten. or even twenty h naturally-fractured reser- 
voirs. Generally, projected proMivitylfomahonzontal 
wenbore must triple that of a vertical wesbore for hori- 
zontal drilling to be economical. This increased produc- 
tion minimizes the number of plaflorms. cutting invest- 
ment, and operation costs. Horizontal drilling makes 
resenrairs In uft>an areas, permafrost zones, and deep 
offshore waters more accessible. Other applicattons for 
horizontal weDbores include periphery wells, thin reser- 
voirs that woukJ require too many vertk^ri welR)ores, and 
refiervoirs with coning problems in which a horizontal 
wellbore lowers the drawdown per tool of resenroir ex- 
posed to slow down coning problems. 
[0003] Some weilbores contain multiple waliboras ex- 
lending latorally from the main wellbore. These addition- 
al taieral weilbores are sometimes referred to as drain- 
holas. and main weilbores containhg more than one lat- 
eral wellbore are referred to as multilateral wells. Multi- 
lateial wells allow an increase in the amount end rate of 
producttan by increasing the surface area of the well- 
bore in contact with the resenrair. Thus, multilateral 
wens are becoming hcreaalngly important, both from 
the stanc^oint of new drilling operatkxis and from the 
reworking ol existing weilbores, including remedial and 
stimulation wortt 

[0004] As a result of the foregoing increased depend- 
ence on and importance ot horizontal wells, horizonial 
well completkDn. and partcularly multilateral weH com- 
plet»n. have been ioportani concerns and continue to 
provkio a host of diirtcult problems to OMefcome. Lateral 
completion, particulariy at the junction between the main 
and lateral weilbores, is extremely important to avoid 
collapse or the wellbore in unconsolidated or weakly 
consolidated fomriatwns. Thus, open hole completions 
are limited to competent rock formations; and, even 
then, open hole completions are inadequate since there 
is limited control or ability to access (or reenter the lat- 
eral) or to isolate productkxi zones within the wellbore. 
Coupled with this need to complete lateral weilbores is 
the growing desire to maintain the lateral wellboro size 
as cbse as p06sft>le to the size of the primary vertical 
wellbore for ease of drilfing. completkm. and future 
workover. 

[OOOS] The problem of lateral wellbore (and particu- 



lariy multilateral wellbore) completion has boon recog- 
nized for many years, as reflected in the patent litera- 
ture. For example. U.S. Patent No. 4.807,704 <£sck)ses 
a system for completing multipie lateral weilbores using 

5 a dual packer and a deflective gude member. U. S. Pat- 
ent No. 2.797.693 dtsck)ses a nrralhod for completing lat- 
eral wells using a flexble liner and deflecting tool. U.S. 
Patent No. 2.397,070 similarly describes lateral well- 
bore completion using flexible casing together with a 

to ckMure shieti for ck)sing off the lateral. In U.S. Patent 
No. 2,658,107. a removable whpstock assembly pro- 
vides a means tor kxating (e.g. accessing) a lateral sub- 
sequent to completion thereof. U.S. Patent Nos. 
4.396,075; 4.415.205; 4,444^6; and 4,57a54l all re- 

15 late generally to methods and devices for muRilateral 
comptotkms using a template or tube guide head Other 
patents of general Interest In the field of horizonial well 
completion include U.S. Patent Nos. 2.452.920 and 
4.402.551. 

20 iqoOG] More recently. U.S. Patent Noe. 5.318.122; 
5,353.876; 5.386.643; and 5.520.252 have disctosed 
methods and apparatus for seating the juncture be- 
tween a vertk:al well and one or more horizontal wetls. 
Inadditk)n. U.S. Patent No. 5.564.503 discbses several 

ss mothods and systems for drilling ar^ completing multi- 
tateral wells. Furihennore. U.S. Patent Noe. 5.566.763 
and 5.613,559 both discbse decentralizing, centraliz- 
ing, locating, and orienting apparatus and methods for 
multilateral well drlBIng and completion. 

30 [0007] Notwithstanding the abcve^lescribed efforts 
toward obtaining cost-effective and woricable lateral well 
drilling md completnns. a need still exists lor improved 
apparatus and methods for completing lateral wetl- 
boree. Toward this end. there also remains a need to 

3S increase the economy in lateral welbore oompletkyis, 
such as. for example, by minimizing the number of 
downhole trips necessary to drill and complete a lateral 
wellbore. 

[0008] The inventkx^ relates to apparatus and meth- 
^ ods for completing a wellbore. In one prefened errtxxt- 
iment the apparatus and methods use a first packing as- 
sembly, a second packing assembly, and a pressuriza- 
tkxi assembly disposed between Ihe first and second 
packing assemblies to plastically deform a Kner in a ra- 
45 dially outward direction via hydiaulic pressure. Another 
preferred embodiment uses a Hner having a first sectnn 
and a second sectkxi . and a packing assembly. The first 
section is deformable in a radiaBy outward directnn at 
a kiwer pressure than the second section. The packing 
50 assembly is used to plasUcalty deform the first sectkm 
of the Kner in a radially outwanj directkm via hydiaulto 
pressure. 

[0009] One aspect ol the present inventkyi comprises 
a ccxnpletkxi apparatus for coupling to a work string and 
55 for use within a liner of a wellbore. The completion ap- 
paratus includes a first packing assembly for creating a 
fluki tight seal against a liner in a weObore; a second 
packing assembly for creating a second flukf tight seal 
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against the iner and a prefisurization aseombly dts- 
posed tMtwMfi the first and second pocking assem* 
blies 

[001 0] In another aspect the present invention oonv 
prises a rnelhod d comptettng a welttxye. A llnor Is dis- 
posed in a wellbore. A first packing assembly, a pres- 
surization assembly, and a 8ecor>d packing assembly 
are coupled to a iwork string. The work string is run into 
the liner. A fluid tight seal Is created between the first 
packing assembly and the liner, and a fluid tight seal is 
created between the second packing assembly and the 
liner. Fluid is pumped down the work string to the pr es- 
surizaixxi assembly. The pressurizatkxi assembly and 
flukl are utibzed to pressuhze an annutus defined by the 
pressurizalion assenU>V. the Hner. the first packing as- 
sembly, and the second packing assembly. Tlie pres- 
sure in annuhjs is Increased so as to defom\ the liner 
in a radially outward directkxi. 
[001 1 J In a further aspect, the present Inventton com- 
prises a method of completing a welbore. A finer is pro- 
vkled having a first eectkxi and a second sectk)n. The 
first section is detomr«ble in a radially outward direction 
at a k>wer pressure than the second section. The liner 
is disposed in a weUbore. A packing assembly is coupled 
to a work string, and the work string is nin into the liner. 
A fkikJ tight seal is created between the packing assem- 
bly and the liner. FluW is pumped down the work siring 
to pressurize an interkx of the liner after the packing as- 
sembly The pressure in the interbr of the liner is in- 
creased so as to deform the first sectkxt of the Iher in 
a radially outward direction. 
[0012] Reference is now made to the accompanying 
drawings, in which: 

RQ. 1 is a schematk:. aoss-seclkjnal viewd a por- 
tion of a multilateral well mckJding a junctton be- 
tween the main welbore and a lateral wellbore; 
no. 2 is a 8chenr>atic, cross-sectional view of FIG. 
1 showing a portion ol the sealing operatkm per- 
formed during completion of the lateral welRxxe; 
FIG. 3 is an enlarged, schematic, cross-sectional, 
fragmentary view of the junctkxi of FIG. 1 showing 
a schematic view of a first embodiment of an appa- 
ratus for coTTvleting the junctksn according to the 
present invention: 

na 4 Is an enlarged. schenr«tic. cross-secttonaJ 
view of a first embodiment of a packing assembty 
of the completion apparatus of FIG. 3; 
FIG. 5 is an enlarged, schematic, cross -sectkxiaf. 
view of a second embodiment ol a packing assem- 
bly of the completion apparatus of FIG. 3; 
FIG. 6 is an enlarged, schematic, cross-sectional 
view of a pressurizatkm assembly of the completkxi 
apparatus of FIG. 3; 

FIG. 7 is an enlarged, schemata, top sectional view 
of an alternative embodiment of a lateral liner used 
in connection with the present inventkxi; 
FIG. 6 is an enlarged, schematic, cross-socttonat. 



fragmentary view of the ^nction of FIG. 1 showing 
a schematic view of a eecond embodiment ol a 
packing assembly and a llnor tor completing the 
junction according to the present invention; 
5 FIG. 9A is an entarged. schematic, croee-sectional. 
fragmentary view a first embodiment of the liner of 
FIG. B; 

FIG. 98 is an enlarged, schematic, croee-eectional, 
fragmentary view of a second embodiment of the 
10 Hner of FIG. 8; and 

FIG. 10 is en entarged. schenratic. top sactkMtal 
view of a second altematlve embodiment of a lateral 
liner used in connection with the present invention. 

IS [001 3] The prefened eihbodiments of the preaant in- 
ventksn and ther advantages are best understood by re- 
ferring to RGS. MO of the drawings, like numerals be- 
ing used lor like and corresponding parts of the various 
drawings. In accordance with the present inventkxi. var- 

20 kMis apparatus and methods for completing lateral we5- 
bores in a multilateral wen are descrt}ed. It will be ap- 
preciated that the terms 'main* or "primary as used 
herein refer to a main well or wellbore. whether the main 
well or wellbore is substantially vertk:al. substantially 

^ horizontal, or in between. It will also be appreciated that 
the term 'lateral' as used herein refers to a deviatton 
well or wellbore from the main well or wellbore. or an- 
other lateral well or wellbore. whether the deviation is 
substantially vertical. Aubstantiaily horizontal, or in be- 
so tween. It will further be appreciated that the term Verti- 
cal' as used herein refers to a substantially vertcal welt 
or wellbore, and that the term •horlzontar as used here- 
in refers to a substantially horizontal well or wellbore. 
10014] In the overall process of dniting and completing 

J5 a lateral wellbore in a multilateral well, the k>lk>wing gen- 
eral steps are performed. First, the main wellbore is 
drilled, and the main wellbore casing is installed and ce- 
mented into place. Once the desired location tor a junc- 
Ikxi is identified, a window is then created in the main 

^ wellbore casing using an orientation device, a multilat- 
eral packer, a hollow whipstock, and a series of mills. 
Next, the lateral wellbore is drilled, and a liner is dis- 
posed in the lateral weltoore and cemented into place. 
A mill is then used to drill through any cement plug at 

^ the top of the holtow whipstock and any portton of the 
tatera) weitxxe liner extending into the main weSbore to 
reestablish a flukl communicating bore through the main 
welbore. Finally, in some lateral wetlbores, a window 
bushing is disposed within the main wellbore casing, the 

so holtow whipstock. and the multilateral packer. The win- 
dow bushing facilitates the navigatton of downhole tools 
through the junction between the main wellbore and the 
lateral welbore. 

[001 5] The present invention is related to a portion ctf 
ss the above-described process, namely the completksn ol 
the junctwn between the nnain welbore arKl a lateral 
welbore. However, as described above, certain other 
steps are performed before such a junction may be com- 
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pteted. Raferring now to FIG. 1. an exemplary junction 
100 between a main weObore 102 and a laleral wellbore 
104 Is Illustrated. Main welbore 102 is drilled using ccrv 
ventional techniques. A main wellbore casing 106 is in- 
stalled h main welltxye 102. and cement 108 is dis- 
posed between main wetibore 102 and main weDbore 
casing 106. using conventional techniquos. 

[0016) AshearableworKslrlnghavingavvindowbush- 
Ing locating profile 110. anofientation nipple 112. a mul- 
tilateral packer asserhbly 114, a hollow whipstock 118. 
and a starter mill pilot lug (not shown) is run into main 
wellbore casing 106. Certain portions of such a worK 
string are more fully discloeod in U.S. Patent Nos. 
5.613.559; 5,566.763; and 5.501,281. The work siring 
is located at the proper depth and orientation withh main 
wetibore casing 106 using conventional pipe tally and/ 
or gamma ray surveys for depth and measurement while 
driaing (MWD) orientaUon lor azimuth. Packer assembly 
1 1 4 is set against main wellsore casing 106 using slips, 
packing elements, and conventional hydraulic, mechan- 
ical, or hydraulic and mechank^l setting techriiques. 

[0017) Using techniques more completely descrtoed 
in the above-referenced U.S. Patent Nos. 5,613,559; 
5.566.763; and 5.501.281. whipstock 118 is used to 
guide work strings supporting a variety of tools and 
equipment to drill and complete lateral well bore 104. 
First, a series of mills, such as a starter mill, a window 
mill, and a watermelon mill a/e used to create a window 
120 in maw\ welbors casing 106. Next, a drilling motor 
is used to driB lateral wellbore 1 04 from window 1 20. A 
lateral weObore liner 122 is then disposed within lateral 
weObore 104, and sealant 124 is disposed between lat- 
eral weDbore 104 and liner 122. 

[0018] Mora spectfically regarding the steps of <fis- 
poeing and sealing liner 122. liner 122 preferably has a 
generally cylindrical axial bore and a generally cylindri- 
cal external surface. Unor 122 is preferably noade from 
steel, steel alk^ys, plastic, or other materials conventkxi- 
ally used for lateral liners. A work string 128 having a 
liner hanger 1 30. wiper plugs 1 32 and 1 33, and liner 1 22 
is run down mam wellbore casing 106 until liner 122 is 
deflected by hoik>w whipstock 1 1B. This deflection caus- 
es liner 122 to be disposed in laleral wellbore 104 and 
junction 1 00. Liner han^r 1 30 and wiper plugs 1 32 and 
133 remain disposed above window 120. Liner hanger 
130 is then sat against n^m wellbore casing 106 using 
conventkvial techniques. 

[001 «1 Referring to FIGS. 1 and 2. cementing of lateral 
wellbore 1 04 may be accompBshed by either one or two- 
stage cenfwntffig depending on the length of wellbore 
104. Typically, the length of lateral weltoore 104 is such 
that two stage cementing is preferred. In a two-stage 
cementing operatnn, liner 122 is equipped with a stage 
cementing tool 1 38. Stage cementing tool 1 38 is inhially 
in a first positkm that allows fluid communlcatkxi witNn 
liner 122 past tool 138, but does not altow fluid commu- 
nication from liner 122 into the annulus between liner 
122 and laleral wellbore 104. A first stage of cement 



124a is punr^ied down dilll string 128 and out a k>wer • 
end 1 36 of liner 122. First stage of cement 124a Is pref- 
erably a conventional cement or conventkxial hardena- 
ble resin. Next, a oonventkxial wiper dart (not shown) is 

5 purr^Md down drin string 128 to land at wiper plugs 132 
and 1 33. After landing. appBed pressure releases wiper 
plug 132 and allows it to be pumped down to, and seal 
off, lower end 1 36 of liner 122. This displacement of wip- 
er plug 132 causes first stage of cement I24a to flow 

10 throughout the annulus between liner 122 and lateral 
wellbore 104 up to stage cementing tool 138. An in- 
crease in pressure may be observed top hole by con- 
ventional pressure measuring devices upon the landing 
of wiper plug 132 in ksiwer end 136. 

IS [0020) Continued apptlcatkm of pressure moves 
stage cemantmg tool 1 38 to a aeoond position that pre- 
vento fluid oommunicaiion«irlthin Inar122 past alBgeca- 
menting tool 138. but aOows fluid oommuncatkxi from 
Hner 1 22 into the annulus between finer 1 22 and lateral 

M welbore 104. A second stage of aaalant 124b is then 
pumped down drill strl[>g 128 and into Bner 122. Next, a 
second wiper dart (not shown) Is pumped down drill 
string 128 to land at wiper plug 1 33. After landing, ap- 
plied pressure releases wiper plug 1 33 and allows it to 

2S be pumped down to, and seal off. liner 1 22 at stage ce- 
menting tool 138. This displacement of wiper plug 133 
causes second stage of sealant 124b to flow through 
stage cementing tool 1 38 and into the annulus t>etween 
lateral wellbore 1 04, nwin wellbore casing 1 06. end liner 

M 1 22 up to a top portion 134 of Nner 122, posttmntng seal- 
ant 1 24b throughout junction 1 00. Once wiper phig 1 33 
lands at stage cementkig tool 1 38. continued application 
of pressure moves stage cennenting toot 138 k> a third 
positkyi. preventing further circulatkxi or backflow el 

3S sealant 124b. 

[0021] Sealant 1 24b is preferably a specialized mul- 
tilateral junction cementltious sealant, or a specialized 
multilateral junction elastomeric sealant. A preferred ex- 
ample of such a cementitkMJS sealant is M-SEAL6 soU 

40 by Halltoufton Energy Sew«e« of Carrollton, Texas. 
Such cementitlous sealants are characterized by rela- 
tively low ductility and high compressive strength, as 
compared to such elastomerk: sealants. A prefened ex- 
ample of such an elastomeric sealant is FLEX-CEM6 

« sow by Halliburton Energy Senrices of Carrolllon, Tex- 
as. Such elastomeric sealants are characterized by rel- 
atively high ductaity and km compressive strength, as 
compared to such cementitkxis sealants. Alternatively. 
conventk)nalcement or a conventicr«l hardenable resin 

^ nnay be used as second stage sealant 1 24b. 

[0022) Referring now to FIG. 3. an enlarged, schemat- 
ic, cross-secikxial. view of a completkxi apparatus 200 
according to a first, preferred embodiment of the present 
invention is shown disposed within junctkxi 100. Com- 

S6 pietkxt apparatus 200 preferably comprises a hollow 
mandrel having a tower packing assembly 202. an upper 
packing assembly 204. and a pressurizatkxi assembly 
206. Comptetkm apparatus 200 is preferably coupled to 
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wotk string 1 28 above a supporting mandrsi 1 40 fof wip- 
er plugs 132 and 133. and tower pacKir^gsssembty 202. 
upper packing assembly 204. and pressuruation as* 
senibly 206 are preferably coupled to each omer by tool 
fo^ts Of oCher corwentional means (no< shown). Al- 
though not shown in FIGS. 1 and 2 for clarity of iduatra* 
lion, liner 1 22 is preferably fomwd wtlh a no-go shoulder 
142 and an annular polished bore receptacle 144 below 
no-go shoulder 142. 

[0023] As shown in FIGS. 3 and 4, lower packing as- 
sembly 202 preferably includes a seal assembly 205. 
and a no-go sleeve 207 for nruiting with no-go shoulder 
142 of liner 1 22. Seal assembly 205 preferably comprfe- 
es a plurality ol annular sealing elements 208, such as 
OGnvonttonal o-fings or packing devices, and an annular 
spacer membar 210. both c< Miich are disposed within 
m\ tfmular recess 212 on the external surface of lower 
packing assembly 202. Sealing elements 208 frictionally 
engage pofiehed bore receptacle 144. whnh is tocated 
on the inner diameter of liner 122 and generally sur- 
rounds annular recess 2^Z Polished bore receptacle 
144 cooperates with annular seating elements 208 to 
create a flukMight seal. 

H0O24] Alternatively, as shown in FIGS. 3 and 5. tower 
packing assembly 202 may comprise a conventksnal 
packer 220 having slips 222. packing elements 224, and 
actuating means 226. Packer 220 may be hydraulkxally. 
mechanlcaRy, or hydraulcaHy and mechank^aUy set via 
actuatkig means 226 so that packing elentents 224 cre- 
ate e fluid tifi^ seal against liner 1 22. As shown in RQ. 
5. when conventional packer 220 is used for tower pack- 
Ing assembly 202, Inerl 22 may be formed without no- 
go shoukter 142. V desired. 

{0Q2S] Upper packing essentbly 204 preferably has a 
eubstantially similar ttniclure lo tower packing assem- 
bly 202. If seal assembly 205 is utilized tor tower packing 
assembly 202, upper packing assembly 204 preferably 
utlKzee a similar seal assembly that males with a pol- 
ished bore receptacle tocated on the inner diameter of 
liner 122 betow Bner hanger 130. If packer 220 is used 
for tower packing assembly 202, upper packing assem 
biy 204 preferably utilizes a similar packer designed to 
operate within the inner diameter of liner 1 22 proximate 
liner hanger 130. However, as shown in FIG. 3, upper 
packing assembly 204 does not require a no-go sleeve. 
[0O26] Referrinia now to FIGS. 3 and 6. an enlarged, 
schematto, croas-secttonat view of pressurizatton as- 
sembly 206 is illustrated. Pressurizatton assembly 206 
preferably comprises an a tower sub 2S0. an upper sub 
252 removably coupled to tower sub 250. and a seaUng 
sub 254 disposed within tower sub 250. 
[0027] Ijower sub 250 preferably includes internally 
threaded ports 2S6a and 256b that provkJe a fluki com- 
munk»ting path between an axial bore 258 of tower sub 
250 and an annukis 146 (FIG. 3) defined by an extemal 
surface 260 of pressurizatton assembly 206. an internal 
surface ol liner 122. kjwer packing asserrtbly 202. and 
upper packing assembly 204. Conventk)nal njpture 



cfisks 262a aid 262b are preferably removably con- 
tained in poru 256a and 256b. respectively. When con- 
tained in ports 256a and 256b, rupture disks 2628 and 
262b create a fluid light seal between the oiterior of pres- 

s surizatwn assembly 206 and annulus 146. A preferred 
rapture disk for rupture disks 262a ar>d 262b is the disk 
sold by Oklahoma Safety Equipment Company (OS- 
ECO) ol Broken Arrow. Oklahoma. 
[0028] Anhough non shown In FIG. 6. other conven- 

10 tional fluid bypass devices other than a rupture disk, 
such as a baD drop circulating valve, an internal pres- 
sure operated circulating valve, or other conventional 
circulating valve may be operalively coupled with ports 
256a and 256b. A preferred internal pressure operated 

IS circulating valve is the IPO Circulating \felvesokl by Hal* 
fiburton Energy Services of CarroWon, Texas, AO of 
these fluto bypass devtoes, InckJding rupture disks 262a 
and 262b. have a first mode of operatton that does not 
altow fluto 10 ftow through ports 256a and 256b into an- 

20 nuUis 146, and a second nrtode of operatton that altows 
ftukf to ftow throu^ ports 256a and 2S6b into annulus 
146, 

[0029] Lower sub 250 also preferably includes ports 
264a and 264b. Each of ports 264a aixf 264b provtoe a 

2S flukI communicating path between the interior ol pres- 
surization assembly 206 eixS annulus 146. Axial bora 
258 preferably has an annular 6houtoer265 and threads 
267 disposed above ports 264a and 264b. 
[0030] Sealing sUb 254 preferably includes an annu- 

30 lar supporting memt>er 266 and an annular, elastomeric 
sleeve 26B coupled to a tower end of supporting mem- 
ber 266. Sleeve 268 is preferably acfiiesively coupled to 
supporting member 266 akx>g a portton 270 and shoul- 
der 272 of support member 266. When coupled togeth- 

36 sr. supporting member 266 and sleeve 268 define an 
axial bore 274 «id an exten>al surface 276 Extemal 
surface 276 has an annular recess 278 proxknate ports 
264a and 264b: a shoutoer 280 for mating with shoulder 
265 of lower sub 250, and an annular 6k)t 282 above 

40 annular recess 278. An o-ring 2B4 Is disposed in slot 
282 arvd creates a fluid tight seal between sealing sub 
254 ar>d tower sub 250. In its undaftocted poeition. as 
shown in FIG. 6. a k>wer end 286 of sleeve 268 creates 
a fluid tight seal against axial bore 258 of bwer sub 250. 

45 [0031] Upper sub 252 preferably Includes an axial 
bore 286. en external surface 290. and a lower end 292. 
Extemal surface 290 preferably includes an annular 
shoukler 294 lor matir>g with tower sub 250. an annular 
sbt 296. and threads 298 for renwably engaging 

60 threads 267 of tower sub 250. An o-ring 300 is disposed 
within annular stol 296 to create a fluid ti^t seal be- 
tween tower sub 250 artd upper sub 252 Lower end 292 
abuts support member 266 of sealing sub 254. 
[0032] Having described the structure of completton 

6S apparatus 200. the operatton of completton apparatus 
200 so as to complete junction 1 00 wnll now tse described 
in greater detail. Referring to FIGS. 1-6 in combination, 
after wiper plug 133 is lartded at. and seals off, stage 
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cwnonling tool 1 38. work string 128 is pulled atx>ve top 
portion 134 of Iher 122. Exeese sealant within work 
string 128 and above lop portton 1 34 of finer 122 is then 
cirojlaiad out of the wett. 

[0033] Next, work string 128 is run into liner 1 22 until 
no-go sleeve 207 of tower packing asseinbly 202 con- 
tacts no-go shoulder 142 of liner 12^ At this point, a 
nM tight seal is created between seal assembly 205 of 
tower packing assembly 202 and polished bore recop- 
tade 144 of Sner 122. ARemaUvery. H packer 220 is uti- 
lized as tower packing assembly 202. packer 220 is set 
to create a ftuW light seal against liner 1 22. Also at this 
point, a flukJ tight seal is created between upper packing 
assembly 204 and Hner 122 h a manner substantially 
simitar to that described Immediately above for tower 
packing assembly 202. NoiJoshoukJer 142 of llnor 122 
is posittoned within tateral weltiore 104 so that lower 
poHung assembly 202 is located below window 120, 
and so that upper packing assembly 204 is teeated 
above window 120. within |unctton 100. 
[0034] When tower packing assembly 202 and upper 
packing assembly 204 use seal assemblies 205. the 
pressure on the drilling mud, water, or other fluid already 
within annuhjs 146 will increase as tower packing as- 
sembly 202 and upper packing assembly 204 seal 
against liner 1 22. Betore no-go sleeve 207 engages no- 
go shoulder 142. such an increase in pressure, applied 
across the differential areas of tower packing assembly 
202 arxJ upper packing assembly 204, rrwy cause a hy- 
draulic tock effect preventing further insertton of work 
string 1 28 Into liner 1 22. In additton. when lower packing 
assembly 202 and upper packing assembly 204 use 
conventional packers 220. a similar hydraulic tock enect 
may create problems tor conventional packors 220 thai 
emptoy a downward setting mocton. 
[0035] However, such an increase in pressure b re- 
lieved by sealing sub 254 of pressurizatton assembly 
206 in the fol towing manner. Due to the increase in pres- 
sure, fluto enters ports 264a and 264b to the point where 
il fills annular recess 278. The pressure in annular re- 
cess 278 builds to the point where lower end 286 of elas- 
tomeric sleeve 266 temporarily deflects inwardly, un- 
seeing from axial bore 258 of tower sub 250. Such un- 
sealiig altows fluid to ftow from annular recess 278 into 
the interior of pressurizatton assembly 206, reducing the 
pressure h annulus 146 and etrninaling the above-de- 
scribed hydraulic lock problems. 
[0C36] Next, a fluid tight seal is created proximate the 
end of work string 128 betow tower packing assembly 
202. Such a fluid tight seal is preferably formed U6ir>g a 
wire-line plug, by pumping a plug down work string 1 28, 
Of other conventional lechnques. A prelened ptog is the 
X-lx>ckO Rug sow by Halltourton Energy Services of 
Carrolllon. Texas. 

[0037] Next a fluki such as water or drilling mud is 
pumped down work string 1 28. Due to the flukJ tight seal 
created by the plug at the end woric string 128, the pres- 
sure within pressurlzation assembly 206 is increased to 



the point where rupture disks 262a and 262b rupture. 
The njpturhg of rupture disks 262a and 262b places the 
interior of pressurization assembly 206 In flukJ commu- 
nication with annulus 146 via ports 256a and 256b. Al- 
s tematively, if a fluto bypass device other than rupture 
disks are utilized, such pressurizatton causes the fluid 
bypass device to enter its second mode of operatton that 
alk^ws nuW to ftow through ports 256a and 256b to an- 
nulus 146. 

10 [003^ Next, the pressure within work string 1 28, and 
thus annulus 146. is preleraWy continuously and grad- 
ually Increased so as to plastically deform the poriton of 
iner 122 behween tower packing assembly 202 and up- 
per packing assembly 204 radially outward toward win- 
's dow 120. main woll)ore casing 106. and lateral wslbore 
104. tt will be ^>preciated that H a cementittous seaiam 
or oonventtonal cement is used for sealant 124 proxi- 
mate junctton 100. such defomiatton of liner 122 muet 
occur betore the cementlttoua sealant or cement hard- 
so ens. However. Han elaetomeric sealant Is used for seal- 
ant 124 proximate junction 100. such defonnation may 
occur before, or after, the elastomeric sealant hardens 
due to the ductility of the sealant. • 
[0039] Such defonnation of linerl 22 provtoes signif- 
26 icant advantages in the completion of junctton 1 00. First 
as «ner 122 is deformed radially outward, sealant 124 
fi the portion ol the annulus between liner 122. main 
wellbore casing 106. and lateral weObore 104 within 
junction 100 is placed m oompresstoa Such compree- 
30 skxi provides a higher pressure rating for junction 100 
during subsequent oompletton or production operations 
in the multilateral well. 

[0040] Second,becausewindow120i8definedbythe 
intersectton of cylindrical main wellbore casing 106 and 

3S generally cylindrical lateral wellx>re 104. window 120 
has a generally eUfittodl shape, with a major axis gen- 
erally parallel to the tongitudinal axis of main wellbore 
casing 106. Therefore, the ouhrard deformatton of liner 
1 22 wortcs to ctose the joints or gaps between liner 1 22 

40 and window 120 present at the top and bottom ol win- 
dow 1 20. Such joint ctosure in turn minimizes leak paths, 
and thus leaks, within junctton 100. In situattona where 
the outward defomiatton of liner 1 22 may reault in metal 
to metal contact of liner 122 and window 120. it is pret- 

45 erable to use a reinforced liner 122 to insure that any 
jagged or sharp edges on window 1 20 do not pierce ikier 
122, 

[D041] Third, the outward defonnation of Bner 1 22 in- 
creases the inner diameter of liner 1 22. This increase in 

so nner diameter results in a larger ftow path for petroteum 
from lateral wellbore 104. increasing the productivity of 
the wall. This increase in inner diameter also results m 
a larger clearance lor downhote tools to enter and exit 
lateral wellbore 104 during subsequent completion or 

ss productton operations. 

(0042] It will be appreciated that after liner 122 has 
been deformed radially outward via hydraulic pressure 
as described hereinabove, a second wortc string with a 
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sizing mandrel may optionally be run down main wail- 
bore casing 106 and through jurtction 100 to insure ad* 
equate detonnation of liner 122. 
[0043] Referring now to FIG. 7, an enlarged, schemat- 
ic, top sectionai view of an alternate lateral liner 122a 
that may be used in connection with completion appa- 
ratus 200 is illustrated. Lateral liner 1 22a is formed with 
a grooved internal surface 500 and a grooved external 
surface 502. Liner 1 22a thus preferably has a cross-sec- 
tion 504 resembling a bellowe. The geometry of grooved 
surfaces 500 and 502 f acUitate the outward defomnation 
of liner 122a at tower pressures. A lower pressure re- 
quiren^t for the outward deformation of liner 122a in 
turn reduces the risk ol failure ol the seals created by 
lower packhg assembly 202 and upper packing assem- 
bly 204. In addftion. as compared to a iner with a gen- 
erally cythdrical croea-eaction. Bner 122a provides a 
larger, expanded outer diameter from a smaller, unde- 
formed, run in outer diameter Aa shown in FIQ. 7. 
grooved suitaces 500 and 502 preferably comprise 
grooves having a 'sinusoidal' cross-eeclion. However, 
grooved surfaces 500 and 502 may altemativety com- 
prise grooves having a *saw tooth*, 'square tooth', or 
other cross-sectional geonrtetiy. In additioa preferably 
only the portion of liner 1 22a between lower packing as- 
sembly 202 and upper packing assembly 204 is formed 
with grooved external surface 502. and the remainder 
of liner 122b is formed with a generally cylindrical exter- 
nal surface. 

[0044] Referring nowto FIG 8. an enlarged, schemat- 
ic, eross-sectxxial. view of a packing assembly 600 and 
a liner 602 according to a second, preferred embodi- 
ment of the present invention are shown disposed within 
lunctton 100. Packing asaembly 600 ie preferably cou- 
pled to work string 1 28 above supporting mandrel 140. 
and packing aseembly 600 preferably has a eUxitantial- 
ly kientk»l stmcture to upper packirig assembly 204 of 
oomptetkxi apparatus 200. Uner 602 is preferably com- 
prised ol an upper sectkxi 604. a tower section 606, and 
a tool joint or other conventkmal coupling mechanism 
608 coupling upper section 604 and tower section 606. 
AHematively, liner 602 can be nrtachined to have upper 
eectton 604 and tower sectton 606, without the need for 
a coupling mechanism 608. 

[0045] II seal assembly 205 is utilized lor packing as- 
sembly 600, liner 602 preferably includes a polished 
bore receptacle 610 located on the inner diameter of lin- 
er 602 betow liner hanger 1 30. If packer 220 is used for 
packing assembly 600, polished bore receptacle 610 
may be eliminated, if desired. 

[0046] As shown in FIG. 9A. upper eectton 604 and 
tower section 606 are made from the same material or 
casing grade. By wayof ilkistrationonly, bothupper sec- 
tton 604 and tower sectton 606 may be made of casing 
grade API N-80, whtoh has a yteU strength of approxi- 
mately 80.000 psi (552 MPa). Upper sectton 604 pref- 
erably has a generally cylindrkal axial bore 610 and a 
generally cylindrical external surface 61 2. Lower sectton 



606 preferably has a generally cylindrkal axial bore 61 4 
a generally cylindrical external surface 616. However, 
upper section 604 has a wall thickness 61 8 smaller than 
a waU thfckness 620 of tower sectton 606. 

5 (0047} As shown in FIG. 98, upper sectkxi 604a pref- 
erably has a genera ily cylindrtoal axial bore 610a and a 
generally cylindrical external surface 612a. Lower sec- 
tton 606a has a generally cylindrical axial bore 614a a 
generally cylindrical external surface 616a. Upper sec- 

10 uon 604a has a wall thtokness 61 6a 6uk>8tanti8lly iden- 
tkal to a wall thtokness 620a of tower sectkxi 606a. 
However, upper sectton 604a and tower sectton 606a 
are nrtade from different n^atortals or casing grades. 
More specifically, upper sectton 604a is made from a 

15 material or casing grade having a k)wer yieto strsngth 
than the mateiial or castog grade of tower sectton 606a. 
By way of Htostratton only, upper sectton 604a may be 
made from casing grade API K 55. whfch has a yieto 
strength of approximately 55.000 psi (379 MPa). and 

20 tower sectton 606a may be made of casing grade API . 
N-80, whtoh has a yieto strength of approximately 
80.000 psi (552 MPa). 

[0048] In FIG. 9A, upper section 604 may also be 
made from a casing grade having a tower yieto strength 

2S thai the casing grade used to make k>wer section 606. 
Although not shown In FIG, 9B. upper section 604a may 
also be formed with a smaller wall thickness 61 6a than 
wall thickness 620a of tower sectton 606a. 
[0049] It is believed that by varying the wall thckness 

30 and/or casing grade of upper section 604 relative to the 
wall thickness and/br casing grade of k>wer sectton 606, 
as descrtoed hereinabove, the design of liner 602 may 
t>e optimized so that for a given internal pressure, upper 
sectton 604 plasttoafly defomie in a radially outward di- 

35 rectton. and tower sectton 606 does not exhibit substan- 
tial lacfial defoimatton. 

[0050] Having described the stnx;ture of packing as- 
sembly 600 and Hner 602. the operatton of these appa- 
ratus so as to comptete junctkxi 100 will now be de- 
scribed in greater detaH. Referring to FIGS. 1,2.4. 5, 8, 
9A. and 98 in combination, after wiper plug 133 is land- 
ad at. and seals off. stage cementing tool 138, work 
string 1 28 is pulled at>ove top portton 1 34 of liner 602. 
Excess sealanl vrithin woilc string 128 and above top 

4S porttonl34of liner 602 is then circulated out of the weB. 
[0061] Next, work string 1 28 is mn tolo Hner 602 until 
seal assembly 205 of packing assembly 600 creates a 
nuto tight seal against polished bore receptacto 610 of 
liner 602. An increase in pressure may be obsenred top 

50 hole by conventtonal pressure measuring devtoes when 
seal assembly 205 is properly seated against polished 
bore receptacle 610. Alternatively, if packer 220 is uti- 
lized as packing assembly 600. packer 220 is set to cre- 
ate a fluto tight seal against liner 602 betow linar hanger 

ss 130. 

[0062] Next, a fluto such as water or drilling mud is 
pumped down work string 1 28. Due to the flukj tight seal 
created by packing assembly 600 against liner 602, ftuto 
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©vonloally fills all ol Itner 602 bolow pacKng assembly 
600 down to wiper plug 1 33 sealed in stage cementing 
tool 138. The pressure within wortt string 128. and thus 
liner 602, is preterably conthuously and gradually in- 
creased BO as to plastically defonn upper section 604 
radially outward toward window 1 20. the portion o« main 
weDborocasing 106 proximate window 1 20. and the por- 
tion ol laleial wellbore 104 proximate window 120. As 
the delocmation ol upper section 604 occurs, tower sec- 
tion 606 praferably does not exhibit substantial radial 
deformation. 

[0053] Such defomiaticxi of upper section 604 pro- 
vides substantially the same, significant advantages in 
the completion oC junction 100 as desciibed herein- 
above tar completion apparatus 200. In addKion. upper 
section 604 may be f omied with an external surface 61 2 
similar to grooved external surface 502 ol RQ. 7, if de- 
sired. 

lfM4i Referring now to FIO. 10. an enlarged, sche- 
matic, top sectional view ol an alternate lateral liner 700 
that may be used in oonnBCtion with completion appa- 
ratus 200, or in the upper section 604 ol liner 602. is 
iUustraled. Uner 700 has an interior cross-section 702 
made from eteel, steel aOoys. plastic, or other generally 
non-elastomeric materials conventionally used for later- 
al Ihers. Interior crQO»«ection 702 has an axial bore 
704. Uner 700 further has an exterior cross-section 706 
made from njbber or another conventional elastomeric 
material. When liner 700 is sunounded by sealant 124 
and plastically deformed as descnbed hereinabove, ex- 
terior cross-section 706 insures an adequate seal of 
junction 100. Alternatively, liner 700 may be plasticaily 
deformed as desoibed hereinabove but without the use 
of sealant 124 in certain completions. In sudi comple- 
tions, extsrior cross-section 706 itseH seals against win- 
dow 120. main weUbore casing 106. and bieral weSbore 
104. 

[0055] From the above, one skilled in the art will ap- 
preciate ttwt the present invention provides improved 
apparatus and methods for completing wellbores The 
present invention provides such improved completion 
without inhibhing the amount or rste of well production, 
or substantiatly increasing the cost or complexity of the 
completion of the welbore. Significantly, the present in- 
vention allows the operations ol ninning a lateral liner, 
sealkig a lateral liner, and plasticany deforming a lateral 
Ikier to be accomplished in a single downhote trip. The 
apparatus and methods o( the present invention are 
economicalto manufacture and use m a variety erf down- 
hole applications. 

[0056] The present invention is illustralod herein by 
example, and various modiTications may be made by a 
person of ordinary sIciD in the ait. For example, numer- 
ous geometries and/or relative dimensions could bo al- 
tered to accommodate specific applications of the 
present invention. As another example, aWiough the 
present invention has been described in connection with 
the completion of a junction between a main wellbore 



and a iatar&i wotl>oro in e multilateral well, it is fuOy ap- 
piicabie to the corrpletion o( a junction between a lateral 
wetlbors and a second teleral weltxxe extendng from 
the lateral vtreDbor e. to completion operations performed 
5 n other portions d a lateral wellbore other than such a 
junction, to completion operations perlomied in other 
portions of a main wellbore. to casing repair operations, 
or to ¥^indow closures. 

[0057] It Is thus befiaved that the operation and con- 
10 struction of the present invention will be apparent Irom 
the foregoing description. While the method and appa- 
ratus shown or descried has been characterized as be- 
ing preferred it will be obvious that various changes and 
modifications may be made. 

IS 

Claims 

1 . Aoorrpletlon apparatus for couplk^ to a worlt string 
20 (128) and lor use within aimer (122) Ola wellbore. 
corr^rtsing: a first packing assembly (202) tor cre- 
ating a fluid tight seal against the liner (122); a sec- 
ond packing assembly (204) for creating a second 
fluid tight seal against the liner (122); and a pros- 
es surization assembly (206) disposed between ttie 
first and second packing assemblies (202,204). 

Z A completon apparatus according to claim 1. 
wherein the pressurization assembly (206) com- 
30 prises a port (256a.256b) opening to an annulus 
(1 46) defined by Ihe pressurization asserr^ly (206), 
the liner (1 22), the first packing assembly (202), and 
the second packing assembly (204). 

« 3. A comptetkjn apparatus according to claim 2, fur- 
ther conrprising a fluU bypass device operatively 
coupled with the port (256a256b) for not allowing 
fluid convnuncation with the annulus (146) In a first 
mode of operatwn. and for alkiwing hydraulic pres- 
to surization ol the arviukis (146) in a second mode of 
operation. 

4 A completion apparatus according to claim 3. 
^^rein the pressurization assembly (206) com- 
45 prises a second port (264a,264b) and a sealing sub 
(254) operatively coupled with the second port 
(264a.264b) lor relieving pressure in the annulus 
(1 46) when the first and second packing assenu/lles 
(202,204) are sealed against the liner (122). 

so 

6. A completton apparatus according to claim 3 or 4. 
wherein the hydraulic pressurization of the annutus 
(146) causes a portion of the liner (122) between 
the first packing assembly (202) and the second 
ss packing assembly (204) to deform in a ladiany out- 
ward direction. 

6. A completion apparatus according to claim 3, 4 or 
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5, wherein the fluid bypass device comprises a rup- 
ture diek (262a.262b). 

7. A completion apparatus accoiding lo any preceding 
claim, wherein the liner (1 22) is adapted to be dis- s 
posed within a junction (100) between a main well- 
bore (102) and a lateral weibore (104) in a multilat- 
eral well. 



15. A method according to claim 13 orl4. wlierein Ihe 
first and second packing assennblies (202.204) 
comprise seat assemblies that mate with polished 
bore receptacles (144) located In the liner (122). 

16. A method according to claim 13. 14 or 15, wherein 
the first and second packing assemblies (202.204) 
compriso packers. 



6. A completton apparatus according to any preceding 
claim, wherein the first and second packing assem- 
blies (202,204) comprise seal assemblies that mate 
with polished bore receptacles (144) kjcated in Ihe 
Iner (122). 

9l a completnn apparatus according k> any preceding 
daim. wherein the first and second packing assem- 
blies (202.204) comprise packers. 

10. A complet ion apparatus according to any preceding 
daim. wherein at least a portksn of the liner (122) 
has grooved internal and external surfaces. 

11 . A completk)n apparatus according to any preceding 
claim, wherein at least a portion of the liner (122) 
has an interior cross-sectkyi made from a generally 
non-elastomeric material, and an exterior cross- 
sectkm made from a generally elastomers material. 

\ 12. A completk)n apparatus according to any preceding 

Claim, wherein the wellbore is a lateral wellbore 
(104). 

13. A method of completing a welbore. comprising the 
Btepe of: disposing a liner (122) in a wellbore; cou- 
pling a first packing assen^ (202). a pressurize- 
tion assembly (206), and a second packing assem- 
bly (204) to a wori? siring (128); njnning the work 
string (128) into the liner (1 22); creating a fluW tigW 
seai between the first packing assembly (202) and 
the liner (122); creating a fluid tight seal between 
the second packing assembly (204) and the liner 
(122); pumping flukl down the wori( string to the 
pressurizatkxt assembly (206); utilizing the pres- 
surization assembly (206) and the flud to pressu- 
rize an annulus (146) defned by the pressurizatksn 
assembly (206). the Hner (122). the first packing as- 
sembly (202). and Ihe second packing assembly 
(204); and increasing a pressure in the annulus 
(146) so as to deform the liner (122) in a radially 
outward directkxi. 

14. A method according lo claim 13. wherein the utiliz- 
ing step comprises actuating a nM bypass device 
in the pressurizaticn assembly (206) lo provkle a 
fluid conrvnunlcating path between an interior of the 
pressurizatkin assembly (206) and the annulus 
(146). 



10 17. A method according to claim 13, 14. 15 or 16. 
wherein at least a portion of the liner (122) has 
grooved inierml and external surfaces. 

ia A method aocorc£ng to any one of claims 13 to 17. 
15 further comprising the step of fluhAy sealing the 
WQri( string (12S) proKirnatfl the first packing assem- 
bly (202). 

1«. A method according to any one of claims 13 lo 18. 
20 wherein the step of disposing the liner (122) com- 
prises: coupling the liner (122) to an end d the work 
string (1 28); and ninning the wortc string (128) into 
the welibore. 

2S 20. A method according k> claim 19, further comprising 
the step of disposing a sealant (124) in a second 
annulus defined by the liner (122) and the wellbore. 

21. A method according to daim 20 wherein the step of 
30 disposing sealant ( 1 24) comprises pumping sealant 

through the work siring (128), the second packing 
assembly (204). the pressurizatkxi assembly (206), 
the first packing asserT«)ly (202). and the liner (122). 
and into the seoorK) annulus. 

35 

22. Amethodeccortfingtoanyonedclalmsl3to21. 
wherein at least a portkxi d the liner (122) has an 
Interior cross-sectkxi made from a generally non- 
elastomerK nnatertal, and an exterior cross-sedcn 

40 made from a generally etastomeric material 

23. A method according to any one d claims 13 to 22. 
wherein the disposing step comprises disposing the 
liner (122) in a junctkxi (100) between a main weW- 

4S bore (102) and a lateral wdbore (104). 

24. A method according to claim 23, wherein the run- 
ning step comprises running the woric string (128) 
into the liner (122) until the first packing assembly 

so (202) is disposed alter the junctkxt (100) and the 
second packing assembly (204) is disposed before 
the jundion (100). 

25. A method d completing a welibore. comprising the 
ss steps d: disposing a liner (602) in a welbore. the 

liner (602) having a first section (604) and a second 
sectkyi (606). the first section (604) being deform- 
able in a radially outward directkxi at a lower pres- 
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fture than the second eection (606): couplinQ a 
packing assembly (600) to a woilc strbg (1 28); run- 
ning the work string (128) Wo the liner (128); cre- 
atvig a ftud tight seal between the packing assem- 
bly and the liner (602); pumping fluid down the work 
string (128) to pressurize an interior of the liner 
(602) after the packing assembly (600); and in- 
creasing a pressure in the intanor of the liner (602) 
so as to defomi the first section (604) of the Kner 
(602) in a radially outward directkxi. 

26. A melhod according to claim 25, wherein the first 
section (604) and the second section (604) are 
made from an identical casing grade, and the Hrsl 
section (604) has a smaBer wall thickness than the 
second sectkxi. 

27. A method according to claim 25, wherein the first 
Mction and me second sectkxi (604,606) have an 
kjentical wall thickness, the first sectkxi (604) Is 
madefrom afirst casing grade, and the second sac- 
tioo (606) is made from a second casing grade hav- 
ing a yiekJ strength higher than the first casing 
grade. 

28w A method according to claim 25. wherein: the firs! 
soclcn (604) is made from a first casing grade and 
has a first wall thtekness; and the second sectkx) 
(606) is nr»de from a second casing grade having 
a higher yield strength than the first casing grade, 
and the second section (606) has a second wall 
thickness greater than the first vmll thickness. 

29. A memod accorcfing to any one of claims 25 to 28, 
wherein the packing assembly (600) comprises a 
seal asseni>ly that mates with a polished bora re- 
ceptade (610) tocated in the liner (600). 

30. A method according to any one of claims 25 to 29, 
wherein the packing assembly (602) comprises a 
packer. 

31. A method according to any one of claims 25 to 30, 
wherein at least a portion of the first section (604) 
of the liner (602) has grooved intemal and external 
surfaces. 

32. A method according to any one of claims 25 to 31 . 
wherein the step of disposing the liner (602) com- 
prises: coupling the Iher (602) to an end of the work 
string (128); and ninning the work string (128) into 
the wellbore. 

33. A method according to any one of claims 25 to 32. 
further comprising the step of disposing a sealant 
(124) in an annulus defined by the liner (602) and 
the wellbore. 



34. A method according to claim 33, wherein the step 
ol dispoeing sealant (i 24) comprises pumping seal- 
ant through the work string (128). the packing as- 
sembly (600), and the Kner (602). and into the an- 

s nulus. 

35. A n>ethod according to any one of claims 25 to 34, 
wherein the first sectkxi (604) has an interior cross- 
section made from a generally non-elastomeric ma- 
te lerial, and an exteror cross-section made Irom a 

generally elastomerk: material. 

36. A nnethod according to any one c« claims 25 to 35. 
wherein the disposing step comprises (fisposing the 

15 liner ^2) in a JunctkM (102) between a maki welt- 
bora (102) and a lateral wellbore (104) so that the 
fimt section (604) esctends throughout the function 
(100). 

20 37. A method according to claim 36, wherein the run- 
ning step comprises running the woric string (128) 
into the Ikier (602) until the packing assembly (600) 
is disposed before the junction (600). 

£5 
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